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D YROXPH RI DERXW  /ZDV RSHUDWHG DQG 3RO\SURS\OHQH ULQJVZHUH XVHG DV SDFNLQJPHGLD 7KH LQLWLDO2/5
2UJDQLF /RDGLQJ 5DWH UDQJH ZDV DERXW  .J&2'PGD\ DQG IXUWKHU LQFUHDVHG 9DULRXV HIIOXHQW
FKDUDFWHULVWLFVOLNHS+&2'7RWDO6XVSHQGHG6ROLGV9)$$ONDOLQLW\DQGELRJDVSURGXFWLRQZHUHVWXGLHGXQWLO
WKHDWWDLQPHQWRIVWHDG\VWDWH7KHS+RIWUHDWHGHIIOXHQWGXULQJVWHDG\VWDWHFRQGLWLRQZDVDOPRVWQHXWUDOIRUERWK
UHDFWRUVHYHQ WKRXJK WKH LQIOXHQWKDGDQDFLGLFS+7KHPD[LPXP&2'DQG766 UHPRYDOHIILFLHQFLHVZHUHDV
KLJK DV  DQG  LQ +8$6% UHDFWRU LQ WKH SUHVHQFH RI HIIHFWLYH PLFURRUJDQLVPV ZLWK DQ 2/5 RI 
NJ&2'PGD\DVFRPSDUHGZLWK+8$6%UHDFWRU LQ WKHDEVHQFHRIHIIHFWLYHPLFURRUJDQLVPVRIDQG
ZLWKDQ2/5RINJ&2'PGD\GXULQJWKHVWHDG\VWDWHSHULRG7KHJDVSURGXFWLRQZDVLQFUHDVHGZLWKLQFUHDVHG









,WV%RWDQLFDOQDPH LV ³Mannihotutilissima´6DJR LVPDQXIDFWXUHG IURP URRWRI WDSLRFD7DSLRFD URRW
KDVDKLJKUHVLVWDQFHWRSODQWGLVHDVHDQGKLJKWROHUDQFHWRH[WUHPHVWUHVVFRQGLWLRQVXFKDVSHULRGVRI
GURXJKWDQGSRRUVRLOV5RDVWHG6DJR LVNQRZQDVVDJRFRPPRQDQGERLOHGVDJRDVQ\ORQVDJR$Q
DQDHURELF SURFHVV LV FRQVLGHUHG PRUH VXLWDEOH WR WUHDW KLJK VWUHQJWK RUJDQLF HIIOXHQWV $QDHURELF
GLJHVWLRQ OLNH RWKHU ELRORJLFDO SURFHVVHV VWURQJO\ GHSHQGV RQPHVRSKLOLF WHPSHUDWXUH UDQJH RI &
DQG&DQGDWDERXW&IRU WKH WKHUPRSKLOLFUDQJH.LPHWDO ,Q WKLVSURFHVV WKHRUJDQLF
IUDFWLRQRIWKHZDVWHLVVHJUHJDWHGDQGIHGLQWRDFORVHGFRQWDLQHUELRJDVGLJHVWHU,QWKHGLJHVWHUWKH
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VHJUHJDWHGZDVWHXQGHUJRHVELRGHJUDGDWLRQLQSUHVHQFHRIPHWKDQRJHQLFEDFWHULDDQGXQGHUDQDHURELF
FRQGLWLRQVSURGXFLQJPHWKDQHULFKELRJDVDQGHIIOXHQW$QDHURELFGLJHVWLRQUHVXOWVLQWKHFRQYHUVLRQ
RI RUJDQLFPDWWHU LQWRPHWKDQH DQG FDUERQ GLR[LGH YLD VHULHV RI LQWHUUHODWHGPLFURELDOPHWDEROLVPV
XQGHUÄVHSWLF͉FRQGLWLRQV$QDHURELFGLJHVWLRQFDQEHRSHUDWHGLQDZLGHUDQJHRIWHPSHUDWXUHV9DQ
/LHUHWDO%DWVWRQHHWDO7KHXVHRIHIIHFWLYHPLFURRUJDQLVPVIRUUHGXFLQJYROXPHVRI
VHZDJH VOXGJH KDV RIWHQ EHHQ VXJJHVWHG DV IHDVLEOH +LJD 7 DQG &KLQHQ 1  LQ HLWKHU
ZDVWHZDWHUWUHDWPHQWSODQWVRURQVLWHZDVWHZDWHUWUHDWPHQWV\VWHPVVXFKDVVHSWLFWDQNDQGLQGXVWULDO
HIIOXHQWV
(0 LV D PL[HU RI YDULRXV JURXSV RI QDWXUDOO\ XVHIXO OLYLQJ LQ WKH HQYLURQPHQW QRW SDWKRJHQLF
DQDHURELFPLFURRUJDQLVPVFRQVLVWLQJEDVLFDOO\IURPSKRWRWURSKLFDQGODFWLFEDFWHULDDQG\HDVW)UHLWDJ
'*  (0KDV WKHSRWHQWLDO WR LPSURYH WKHRYHUDOO HIIHFWLYHQHVV DQG HIILFLHQF\ RI WKH8$6%
UHDFWRU IRU WKH WUHDWPHQWRIGRPHVWLFZDVWHZDWHU (,.DUDPDQ\HW DO $K\EULG UHDFWRU LV DQ
DQDHURELFGLJHVWHUWKDWFRPELQHVDQ8SIORZ$QDHURELF6OXGJH%ODQNHWUHDFWRUZLWKDQDQDHURELFILOWHU
2YHUWKH\HDUV+8$6%UHDFWRUVKDYHEHHQXVHGWRWUHDWZDVWHZDWHUVIURPVXJDULQGXVWU\&RDWHVDQG
&ROOHUDQ  SKDUPDFHXWLFDO XQLWV +HQU\ HW DO  DQG GLVWLOOHULHV 6KLYD\RJLPDWK DQG
5DPDQXMDP  $QRWKHU DGYDQWDJH LV WKDW +8$6% UHDFWRU QHHGHG OHVVHU WLPH IRU VWDUWXS DQG
VKRZHGEHWWHUUHPRYDOHIILFLHQFLHVDVFRPSDUHGWR$)UHDFWRUXVLQJWKHVDPHVXEVWUDWHRIZDVWHZDWHU




2.1. Composition of wastewater
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7KH VHHGVOXGJHZDVFROOHFWHG IURPDQDQDHURELF UHDFWRU WUHDWLQJ VDJRPLOOZDVWHZDWHUDQGZDV
XVHGIRUWKHLQRFXODWLRQLQWKH+8$6%UHDFWRU7KLVZDVXVHGDVWKHLQRFXOXPEHFDXVHWKHVOXGJHKDG
VXIILFLHQWQXPEHURIDFHWRJHQLFDQGPHWKDQRJHQLFEDFWHULD%LVFKRIVEHUJHUHWDO
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FRQQHFWHGWKURXJKUXEEHUWXELQJWRWKHOLTXLGGLVSODFHPHQWV\VWHPWRPHDVXUHWKHJDVSURGXFWLRQ7KH
DPRXQW RI JDV SURGXFHG LV HTXDO WR WKH DPRXQW RI OLTXLG GLVSODFHG DQG KHQFH JDV SURGXFHG FDQ EH
PHDVXUHGDWUHJXODULQWHUYDOVRIWLPH
$ ILOWHUPHGLDRIKHLJKW FPPDGHRI3RO\SURS\OHQH ULQJVZDVSURYLGHGDW WKHPLGGOHRI WKH
UHDFWRU$ERXWULQJVZHUHSDFNHGLQWKHUHDFWRUIRUFRQVLVWHQF\7KHVXUIDFHDUHDRIHDFKULQJZDV
PPDQGWKH WRWDOVXUIDFHDUHDRFFXSLHGE\WKHSDFNLQJZDVPP7KHUHDFWRUVHWXSZDV
VKRZQ LQ ILJ7KH UHDFWRUV ZHUH RSHUDWHG DW PHVRSKLOLF WHPSHUDWXUH  & 7KH H[FHVV
VXVSHQGHG VROLGV 66 LQ WKH UHDFWRU DUH ZDVWHG SHULRGLFDOO\ DQG KHQFH D FRQVWDQW 66 YDOXHV ZHUH



















2.4. Inlet and outlet distribution systems 

$W WKH ERWWRP WKH IHHG LQOHW SLSH RI PP GLDPHWHU ZDV SURYLGHG ZKLFK ZDV FRQQHFWHG WR D
SHULVWDOWLFSXPSWKURXJKLQFKFKHFNYDOYHDQGVLOLFRQWXELQJDUUDQJHPHQWIRUSXPSLQJWKHIHHG
7KLVPPGLDPHWHUZDVHQRXJKWRDYRLGFORJJLQJLQWKHLQOHWSLSHGXHWRELRPDVVLQWKHIHHG7KHLQOHW
SLSHRSHQV WRZDUGV WKHERWWRPRI WKHUHDFWRU VR WKH IHHGVWULNHVDW WKHERWWRPDQGKHOSV LQXQLIRUP
PL[LQJ LQ WKH V\VWHP -XVW RYHU WKH SDFNLQJPHGLD D FROOHFWLRQ WXEH RI  LQFKZDV FRQQHFWHG WR








2.6.  Gas collection set-up 




7KH VWDUWXS SHULRG RI DQ DQDHURELF UHDFWRU LV GLUHFWO\ SURSRUWLRQDO WR WKH FRQFHQWUDWLRQ RI WKH
PLFURELDOSRSXODWLRQ1DQG\DQG.DXO$QDHURELFVHHGFXOWXUHFROOHFWHGIURPDUHDFWRUWUHDWLQJ
VDJRPLOOZDVWHZDWHUZDVXVHGIRUWKHLQRFXODWLRQLQWKH+8$6%UHDFWRU7KHUHDFWRUZDVRSHUDWHGLQD
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FRQWLQXRXVPRGHRIRSHUDWLRQ7KHIHHGFRPSRVLWLRQRIWKH+8$6%UHDFWRUZDVDVIROORZV*OXFRVH
J/1+&OPJ/DQG.+32PJ/&2'13UDWLRZDVPDLQWDLQHGDURXQG
7KH RXWOHW S+ LV IRXQG WR EH LQ WKH UDQJH RI ± LQGLFDWLQJ DQ DFWLYH PHWDEROLVP RI WKH
PHWKDQRJHQV9DULHG UHTXLUHPHQW RIPLFURQXWULHQWV VXFK DV )H1L &R DQG0R LV RIWHQ QHFHVVDU\
SDUWLFXODUO\GXULQJWKHVWDUWXS6XEVWDQFHVUHSRUWHGDVLQKLELWRU\WRDQDHURELFGLJHVWLRQDUHDPPRQLD





2SHUDWLRQDQGPRQLWRULQJZLOOEHGRQH LQRUGHU WR ILQGRXW WKHIHDVLELOLW\RI WKHK\EULGXSIORZ
DQDHURELF VOXGJH EODQNHW +8$6% UHDFWRU ,Q WKH RSHUDWLRQ SKDVH WKH UHDFWRU ZLOO EH RSHUDWHG LQ
FRQWLQXRXVPRGHIRUGLIIHUHQWORDGLQJUDWHV7KHS+RIWKHUHDFWRUZLOOEHPDLQWDLQHGQHDUQHXWUDOE\
DGGLQJ QHFHVVDU\ DPRXQW RI EDVHRU DFLG VROXWLRQ7KH UHDFWRUZDV FORVHO\PRQLWRUHG IRU SDUDPHWHUV






$ ODERUDWRU\ VFDOH VWXG\ZDV FRQGXFWHG WR LQYHVWLJDWH WKH SHUIRUPDQFHRI DQ$QDHURELF+\EULG
5HDFWRU$+5IRUWUHDWLQJVDJRZDVWHZDWHU7KHVDJRLQGXVWU\ZDVWHZDWHUIHGZLWKDQ2/5RI.J
&2'PñG7KHUHDFWRUZDVVWDUWHGZLWKDQLQLWLDO2/5RI.J&2'PñGDQGD+57RIKUV
IXUWKHU LWZDV LQFUHDVHGE\ UHGXFLQJ WKH+57 WRDFKLHYH WKH VWHDG\ VWDWHFRQGLWLRQ7KH UHDFWRUZDV
FORVHO\PRQLWRUHGIRUS+9)$&2'%LRJDVSURGXFWLRQ$WWKHHQGRIGD\VDQGGD\V6WDUW




5.1. Reactor operation during start-up 
$IWHU VWDUWXS RI WKH UHDFWRU ZLWK DQ LQLWLDO 2/5 RI  NJ &2' PñG LW ZDV ORDGHG ZLWK
LQFUHDVLQJ2/5DQGUHGXFLQJWKH+57$WHDFK2/5WKHUHDFWRUVZHUHRSHUDWHGFRQWLQXRXVO\VRDVWR
UHDFKVWHDG\VWDWHFRQGLWLRQV(IIOXHQWS+DQGPHWKDQHSURGXFWLRQ UHPDLQHGUHODWLYHO\FRQVWDQW7KH
S+RI WKH RXWOHW VWUHDPGXULQJ VWDUWXS GD\V YDULHG IURP IRU+8$6%DQG8$6% UHDFWRUV7KLV
LQGLFDWHV WKDW DFLG IHUPHQWDWLRQ SKDVH LV DOZD\V PRUH UDSLG WKDQ WKDW RI PHWKDQRJHQLF SKDVH 7KH
LQFUHDVHLQS+ZDVGXHWRFRQYHUVLRQRIVWURQJHU9)$WRZHDNHUDFLGVDQGWKHREVHUYHG9)$OHYHODW
WKHRXWOHWZDVORZ7KHDONDOLQLW\ZDVLQFUHDVHGLQERWKWKHUHDFWRUVZKHQORDGLQJUDWHVZHUHLQFUHDVHG





+8$6% UHDFWRU LQ WKH SUHVHQFH RI HIIHFWLYHPLFURRUJDQLVPV DQG+8$6% UHDFWRU LQ WKH DEVHQFH RI
HIIHFWLYHPLFURRUJDQLVPVZHUHREWDLQHG
5.2. Performance of HUASB reactor- after start-up 
$IWHU DFKLHYLQJ WKH VWDUWXS DW DQ2/5 RI  NJPGD\ WKH UHDFWRU ZDV IXUWKHU ORDGHGZLWK
LQFUHDVLQJ 2/5 WR DVVHVV WKH RSWLPXP ORDGLQJ UDWH RI WKH UHDFWRU 7KH +8$6% UHDFWRU LQ WKH
SUHVHQFHRI(0VWDUWXSWRRNGD\VZKLOHWKH+8$6%UHDFWRULQWKHDEVHQFHRI(0WRRN
GD\V,QFUHDVHLQS+ZDVDFKLHYHGGXULQJWKHVWDUWXSSHULRGLQERWKWKHUHDFWRUVEXWLQ+8$6%LQWKH
SUHVHQFH RI(0 WKH KLJKHVW S+ ZDV DWWDLQHG RQ WK GD\ RI UHDFWRU RSHUDWLRQ FRPSDUHG WR
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+8$6%UHDFWRULQWKHDEVHQFHRI(0ZKLFKDWWDLQHGRQWKGD\RIUHDFWRURSHUDWLRQ1HXWUDOS+





















7KHPD[LPXP&2' DQG 766 UHPRYDO HIILFLHQFLHV ZHUH DV KLJK DV  DQG  LQ+8$6%
UHDFWRUDVFRPSDUHGZLWK8$6%UHDFWRURIDQGUHVSHFWLYHO\GXULQJWKHVWHDG\VWDWHSHULRG
VKRZQ LQ ILJXUH DQG7KHELRJDVSURGXFWLRQVZLWK UHVSHFW WR WLPHSHULRG IRUERWK UHDFWRUV DUH
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NJ&2'PGD\ DV FRPSDUHGZLWK+8$6% UHDFWRU LQ WKH DEVHQFH RI (0  DQG ZLWK DQ
2/5 RI  NJ&2'PGD\ &2' UHPRYDO HIILFLHQF\ (0 KDV WKH SRWHQWLDO WR LPSURYH WKH RYHUDOO
HIIHFWLYHQHVVDQGHIILFLHQF\RI+8$6%UHDFWRUIRUWUHDWPHQWRIVDJRPLOOZDVWHZDWHU
7KXV WKHSDFNLQJPHGLD SRO\SURS\OHQH ULQJVSUHVHQW LQ WKH+8$6%UHDFWRUZDVDEOH WR UHWDLQ
KLJKELRPDVVFRQFHQWUDWLRQZLWKRXWDQ\VHULRXVVOXGJHZDVKRXWHYHQDWKLJKHURUJDQLFORDGLQJUDWHV
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